(n=3) (Wolf, 1978) . All items were scored, with 1 point indicating low satisfaction and 5 points indicating high satisfaction. Sum scores were calculated for each subscale to evaluate the acceptability of the neurofeedback treatment. Three open response questions were added to assess whether parents had any remarks, whether they had suggestions to improve neurofeedback treatment, and whether they would recommend neurofeedback treatment to others.
Data analysis QEEG
Eye blinks and other artifacts were manually removed from the raw EEG data by an independent EEG specialist and statistician, who was blind to the subject's classification (i.e., intervention group vs. control group) and the type of EEG (i.e., pre vs. post training). The raw data were processed with fast Fourier transformation to determine the magnitude of each frequency band in microvolt. Separate power measures were calculated for delta (1-4 Hz), theta (4-8 Hz), alpha (8-12 Hz), low beta (12-15 Hz), beta 2 (15-18 Hz), beta 3 (18-25 Hz), and high beta (25) (26) (27) (28) (29) (30) . EEG data of all individuals were compared with the Neuroguide (Thatcher et al., 2003) database, which provides reliable descriptors of normative brain electrical activity (John et al., 1988) . Linked ears montages were used. Data from all 19 electrode sites were used for analysis. The split-half reliability and test-retest reliability of the artifact free data of all subjects
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Neurofeedback in ASD 14 were above .95 (p<.05). Absolute power (the amount of energy in µV²), relative power (the percentage of power in a frequency band relative to the total power contained by all other frequency bands), and coherence were calculated for each participant, frequency band, and individual electrode lead. All power and coherence values were subsequently transformed to Zscores, reflecting deviancy from the normative database (Hughes & John, 1999) . A 2 (Time: time1 vs. time2) x 2 (Group: intervention vs. control) mixed MANOVA was performed to look for treatment effects in the intervention group relative to the control group.
Session data
Eye blinks and other artifacts were manually removed from the raw EEG data of 40 sessions, collected at C3 and C4 during training intervals. The raw data were Fast Fourier Transformed (FFT) to determine the power of each frequency. Separate power measures were calculated for delta (1.5-3.5 Hz), theta (4-8 Hz), alpha (8-12 Hz), low beta (12-15 Hz), beta 2 (13-21 Hz), and high beta (22) (23) (24) (25) (26) (27) (28) (29) (30) . Power values of each frequency band were log-transformed. A 2 (Time: first sessions vs. last sessions) x 2 (Location: C3 vs. C4) mixed MANOVA was conducted to compare power during the first 20 sessions with the final 20 sessions. Furthermore, the efficacy of neurofeedback over sessions per frequency band was estimated for each individual subject by calculating a linear regression line and Spearman regression coefficient fitting the progression of power values over sessions.
Executive function tasks
Results of a one-sample Kolmogorov -Smirnov test showed that data of each variable did not deviate significantly from normality. A MANOVA was conducted to test differences in executive functions for the intervention group and the control group at time1. Neurofeedback related changes in executive functions were verified by performing a 2 (Time: time1 vs. time2) x 2 (Group: intervention vs. control) mixed MANOVA.
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Questionnaires
Results of a one-sample Kolmogorov -Smirnov test showed that data of each variable of the CCC-2 did not deviate significantly from normality. MANOVA was conducted to test for differences on the CCC-2 between the intervention group and the control group at time1. Neurofeedback related changes on the CCC-2 were verified by performing a 2 (Time: time1 vs. time2) x 2 (Group: intervention vs. control) mixed MANOVA.
In order to assess whether the intervention group decreased in ASD-symptoms more than the control group, a comparison between scores on the adapted AUTI-R of the intervention group and the control group was made using a MANOVA with between-subjects factor Group.
The social validity of the neurofeedback treatment was evaluated via the sum scores of the subscales Goals, Procedures, Outcomes, and open response questions.
Results

Session data
At the individual level, Spearman's correlation coefficients showed a significant reduction of theta power (4-7 Hz) over 40 sessions of neurofeedback in five participants at C4 (p's <.05, r = -.596 ~ -.718) and in the same five participants at C3 (p's <.05, r = -.496 ~ -.771). Two participants did not show significant reduction of theta power at C4 (p =.411, r =.035; p =.359, r =.056) and C3 (p =.018, r =.453; p =.170, r =.135 ). Results of theta reduction at C3 and C4 for all participants can be found in Figure 1 . .05, r = .218 ~ .410) and for six participants at C3 (p's <.05, r = .253 ~ .529). Two participants did not show significant increase of low beta power at C4 (p =.311, r =.079; p =.173, r =-.145) and one participant did not show significant increase at C3 (p =.372, r =.051) (see Figure 2 ).
Besides changes in theta and low beta power, changes in delta power (1.5-3.5 Hz) were found as well. Delta power decreased significantly in five participants at C4 (p's <.05, r = -.449 ~ -.555) and in five participants at C3 (p <.05, r = -.291 ~ -.562). No increase in delta power was found in two participants at C4 (p =.125, r =.177; p =.356, r =.125 ) and at C3 (p =.263, r =.098; p =.054, r =-.243). Results can be found in Figure 3 . In alpha power (8-12 Hz), beta 2 power (13-21 Hz), and high beta power (22) (23) (24) (25) (26) (27) (28) (29) (30) , no unanimous patterns of change were found.
Analysis at group level further supported the correlation results. A 2 (Time: first sessions vs. last sessions) x 2 (Location: C3 vs. C4) mixed MANOVA showed significant reduction of theta power (4-7 Hz) (F (1,6) =11.419, p <.05, η =.656) and significant increase of low beta (12-15 Hz) (F (1,6) =21.922, p <.01, η =.785) at C3 and C4 over 40 sessions of neurofeedback.
Besides power changes in theta and low beta, a significant decrease of delta power (1.5-3.5 Hz) over time was found as well (F (1,6) =6.982, p <.05, η =.538). For alpha power (8-12 Hz), beta2 power (13-21 Hz), and high beta power (22) (23) (24) (25) (26) (27) (28) (29) (30) , no significant effects of time were found.
Decrease of delta power was significantly correlated with decrease in theta power (r = 0.667, p <.01) and with increase in low beta power (r =-0.695, p <.01). The correlation between hal-00297294, version 1 -16 Jul 2008 Neurofeedback in ASD 17 decrease in theta power and increase in low beta power was highly significant (r =-0.811, p <0.001).
QEEG
The absolute and relative power of each frequency band for all 19 channels for the intervention group and the control group were compared using MANOVA. In order to claim a treatment effect, we need the interaction between Time (time1 vs. time2) and Group (intervention vs. control) to be significant. The mixed MANOVA suggested no significant multivariate interaction between Time and Group in the target frequency bands, i.e. absolute (F (1,12) =2.382, p =.149, η =.166) or relative theta power (F (1,12) =.986, p =.340, η =.076) and absolute (F (1,12) =.018, p =.897, η =.001) or relative low beta power (F (1,12) =.614, p =.449, η =.049).
Univariate results of absolute and relative theta and low beta power in 19 separate electrodes revealed no significant interaction effects either (range of F-values = .000-3.977, p's >.05). A similar 2 (Time: time1 vs. time2) x 2 (Group: intervention vs. control) MANOVA for the other frequency bands, i.e. delta, alpha, beta2, beta3 and high beta revealed no significant multivariate effects, neither for absolute nor relative power (range of F-values = .000-1.820, p's >.05).
For the analysis of coherence, a 2 (Time: time1 vs. time2) x 2 (Group: intervention vs. control) mixed MANOVA was performed. Univariate results revealed a significant reduction of hypo connectivity in theta power at time2 (F-values up to 17.572, p's < .05), especially between frontal and central/temporal electrodes. However, since this reduction was found in both the intervention and the control group, no significant interaction effects were found (range of Fvalues = .000 -2.914, p's > .05).
Executive function tasks
A MANOVA was conducted to test the hypothesis that participants in the intervention group would display the same scores as participants in the control group at time1. No statistical hal-00297294, version 1 -16 Jul 2008 significant differences between intervention and control group were found on tests for executive functioning at time1 (F (1,12) =1.066, p =.577, η =.842).
To analyze whether children in the intervention group scored significantly higher on tests for executive functioning at time2 compared to the matched control group, a 2 (Time: time1 vs. time2) X 2 (Group: intervention vs. control) mixed MANOVA was performed. In order to claim a treatment effect and to control for practice effects, we need the interaction to be significant.
Attentional control
Subjects' capacity for attentional control was tested using separate measures targeting children's attentional capacity in the visual and auditory domains and their ability to inhibit verbal and manual response tendencies. Table 2 represent the amount of errors found with 200 items). However, a significant Time x Group interaction effect was found for measures of auditory selective attention (F (1,11) =8.437, p =.014, η =.434). Children in the intervention group showed a considerable improvement in their ability to correctly detect auditory targets in the TOSSA, from 48% to 62% correct responses after neurofeedback training, as compared to the control group who showed minimal improvement from 68% to 69% correctly detected targets. In addition, a significant interaction between Time and Group was found for children's capacity to inhibit verbal responses (F (1,11) =4.890, p =.049, η =.308). Interference effects of written names were strongly reduced from 68 seconds before to 30 seconds after neurofeedback training for the intervention group. The control group also showed a difference between interference effects at
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Neurofeedback in ASD 19 time1 and time2 (66 seconds and 50 seconds respectively) but this reduction was about half the size of the effect found with the intervention group. Consistent with the increased ability to inhibit verbal responses, children of the intervention group were also better able to inhibit impulsive tendencies in responding on the TOSSA, suggesting improved inhibition capacity after neurofeedback training (78% correctly inhibited before training vs. 90% after neurofeedback training). Only minimal improvements in impulse control were found for the control group (89% correct inhibitions at time1 followed by 91% correct inhibitions at time2), resulting in a significant Time x Group interaction, F (1,11) =5.064, p =.046, η =.315.
Cognitive flexibility
Children's cognitive flexibility was investigated using measures of visual and verbal memory, set-shifting and concept generation. Neurofeedback training did not influence children's capacity to memorize and recognize words (F (1,11) = .021, p =.889, η =.002) and geometric shapes (F (1,11) =.004, p =.952, η =.000). Both groups showed a minimal non-significant reduction of performance from time1 to time2 (see Table 2 ), on verbal memory, F (1,11) =0.355, p =.563, η =.031, and visual memory, F (1,11) =0.138, p =.717, η =.012. However, children's setshifting ability as indexed by the TMT did show a significant Time x Group interaction (F (1,11) = 5.602, p =.037, η =.337), reflecting improved cognitive flexibility and sequencing after neurofeedback treatment. For the intervention group t-scores improved from 30 (time1) to 47 (time2), whereas only a small improvement was found for the control group with t-scores improving from 30 (time1) to 34 (time2). Also concept generation and use of feedback, as measured by the MCST, were found to improve significantly for the intervention group as compared to the control group, F (1,11) =5.081, p =.046, η =.316. After neurofeedback, ASD children discovered an average of 5 (out of 6) card sorting rules, whereas before training they only reached an average of 2.5. In contrast, the performance of the control group was comparable
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Goal Setting
Analysis of children's goal setting capacity as assessed by the TOL showed a significant interaction between Time and Group, F (1,11) = 7.198, p =.021, η =.396, reflecting a clear improvement in complex sequential problems after neurofeedback training, as compared to the control children. At time1 children from both groups reached an average performance of 55 (range 0-138). However, whereas children of the control group showed little improvement (57 at time2), children of the intervention group drastically improved their capacity score to 76 at time2.
Speed and efficiency
Children's combined score for speed and efficiency on the SDC indicated a stronger improvement for the intervention group than for the control group (see Table 2 ), but the required interaction between Group and Time was not found significant (F (1,11) =.397, p =.542, η =.035). Table 2 about here
A 2 (Time: time2 vs. follow-up) x 2 (Group: intervention vs. control) mixed MANOVA indicated no significant differences between post treatment and 3-month follow-up measurements of children's executive functioning at time3, F (1,11) =.987, p =.602, η =.832. In Table 3 the average ratings of children's communication skills are reported for sub-and compound-scales of the CCC-2 for the control group and the intervention group at time1 and time2. Lower values in Table 3 regarded their children's communication skills as more advanced after neurofeedback training than before, whereas no such difference was found for the control group. Table 3 about here
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AUTI-R
The AUTI-R measured parents' evaluation of children's improvements on social interaction, communication, and typical behavior. Table 4 Children's social interaction ability was valued to be improved following treatment, as compared to the control group, F (1,12) =17.775, p =.001, η=.618. Children's communication ability was assessed to be enhanced in comparison to the assessment of children in the control group, F (1,12) =29.054, p =.000, η=.725. Furthermore, typical autistic behavior was found to be attenuated as compared to the assessment of children in the control group, F (1,12) =7.782, p =.018, η=.414. Table 4 about here
Social validity
Social validity of the intervention was assessed using 5-point rating scales (5= high satisfaction, 1= low satisfaction). Results indicated neurofeedback treatment to be a socially At a neurophysiological level, neurofeedback training successfully reduced theta power (4-7 Hz) and significantly increased low beta power (12-15 Hz) in all but two of seven participants in the intervention group. Interestingly, and consistent with our hypothesis that neurofeedback protocols that target children's theta/beta ratio mainly work because they reduce theta power, attenuation of theta power was found more reliable than enhancement of beta power over sessions. Children's individual Spearman correlation coefficients reflected significant reductions of theta in five participants showing consistent effects over both hemispheres at C4 (average r = .68) and C3 (average r = .64), and enhancement of beta in five participants at C4 (average r = .30) and C3 (average r = .38). Furthermore, consistent decreases in delta power (1.5-3.5 Hz) were found for 5 participants at C4 (average r = .55) and at C3 (average r = .45). The gradual reduction in delta power probably co-occurred in conjunction with the reduction in theta power, which is further supported by the strong correlation between power reductions of both frequencies over time (r = .67).
Considering the consistent suppression of theta and delta frequencies and enhancement of low beta activation over time across sessions, one could imagine structural changes in QEEG to develop between pre-and post-test recordings. However, no significant changes were found in the QEEG of the intervention group as compared with QEEG data of the control group. Our findings are in line with results of Kropotov and colleagues (2007) who found no notable changes in QEEG power spectra of children with ADHD after neurofeedback training, although neurofeedback was found to affect the amplitude of event-related potential (ERP) components.
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Neurofeedback in ASD 25 Coben and Padolsky (2007) found changes in children's QEEG coherence after neurofeedback training reflecting a decrease in cerebral hyper-connectivity in 76% of all children of the intervention group. QEEG coherence values were only available for the intervention group, not for the control group. In the present study, changes in connectivity were found for both the intervention and the control group. These findings suggest a test-retest effect between pre-and post-test EEG assessment which could e.g. reflect differences in vigilance or arousal between the two assessments. That is, young children may be more alert and attentive during their first EEG assessment as compared to the second time. This different mental state may be responsible for the observed differences in QEEG between the pre-and post-test in both groups. Another explanation for the absence of differences in QEEG is the small sample size that was used in the present study.
At a cognitive level, neurofeedback training was hypothesized to improve the executive functions of children with ASD, comparable with the success of the protocol in the treatment of ADHD (Butnik, 2005) . Results indicated significant improvement in attentional control, cognitive flexibility and goal setting for children in the intervention group when compared to children in the control group. These results are important because they reflect a serious cognitive improvement in the intervention group that cannot be reduced to differences in perceived wellbeing e.g. by parents. Instead, these findings indicate that neurofeedback training was associated with a clear improvement in cognitive functioning on tasks requiring executive control. We hypothesized that the elevated theta power that characterizes autistic children is functionally related to their executive impairment. Electroencephalographic and magnetoencephalographic studies have localized frontal theta activation to the rostral ACC (Gevins, Smith, & McEvoy, 1997; Ishii et al., 1999) and studies combining EEG and fMRI have consistently found correlations between theta power and BOLD signal in rostral ACC (Meltzer, Negishi, Mayes, & Constable, 2007; Pizzagalli, Oakes, & Davidson, 2003; Sammer et al., 2007) . Much interest has developed in understanding the function of the DMN and several interesting views have been formulated which appear to converge on the idea that the DMN is involved in self-referential processing (Northoff et al., 2006) and understanding others' intentions through mental simulation (Uddin et al., 2007) . These findings may have implications for understanding social impairments in ASD. However, for the present discussion it is first important to note that the rostral ACC is not directly involved in executing cognitive control (Rushworth et al., 2004) , but that its activation is inversely related to other areas that are activated during cognitive tasks, such as the lateral prefrontal cortex (Greicius, Krasnow, Reiss, & Menon, 2003) . Following this suggestion, Fox and colleagues (2005b) discovered strong spontaneous anticorrelations between a "task-negative" DMN and an opposing "task-positive" attentional network, in a resting state. So far we mainly focused on theta and its possible contribution to improvements in executive control. However, in addition to theta reduction the neurofeedback protocol also operated to enhance beta activation, which might also have contributed to the success of the treatment. Interestingly, whereas theta activation is negatively related to activation in medial frontal areas, beta power appears to be positively related to activation in those same areas, as is indicated by recent EEG-fMRI studies (Laufs et al., 2003; Mantini, Perrucci, Del Gratta, Romani, & Corbetta, 2007) and intracerebral recordings studying the neural origins of the beta rhythm (Bočková, Chládek, Jurák, Halámek, & Rektor, 2007) . That is, comparable with the effect of
Neurofeedback in ASD 29 theta, enhancing beta should also increase activation in the DMN. In other words, the effects of reducing theta and at the same time enhancing beta power may actually work together in parallel to increase activation of hypoactive areas of the DMN in ASD patients.
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Interestingly, the hypothesis that ASD is primarily characterized by underactivation of the DMN may explain both executive dysfunctioning and social deficits that are typical of ASD. As was indicated earlier, parts of the DMN are known to be involved in self-referential processes and internal models of the self (reviews in Northoff, 2004 Northoff, , 2006 . Importantly, the capacity to mentalize about others' intentions and their internal states is thought to rely for a large part on our ability to simulate others' thoughts and feelings via the self. That is, we can understand what others might be feeling, thinking, or aiming for, by putting ourselves into their shoes, i.e. by imagining what we would feel, think or do in their situation (Keysers & Gazzola, 2007) . In other words, impairments of the DMN supporting self-referential thought could well be held responsible for a reduced ability to represent intentions and mental states of others, which in turn would result in various social impairments. Consistent with this perspective, several studies have indicated similar activations of DMN areas in conditions that required subjects to either think about themselves or think about close others (see review in Uddin et al., 2007; Mitchell, Macrae, & Banaji, 2006; Moriguchi et al., 2006; Seger, Stone, & Keenan, 2004; Ochsner et al., 2005) .
Furthermore, studies investigating structural abnormalities in autistic brains have been identified to overlap areas that are known to support theory of mind tasks and social cognition (BarneaGoraly, Kwon, & Menon, 2004; Haznedar et al., 2000; Abell et al., 1999) .
In line with the above suggestion that neurofeedback enhancement of DMN activation may both reduce ASD executive dysfunctions and at the same time improve children's social and communicative abilities, a significant improvement in general communication was found for children in the treatment group (14%), but not for children in the control group (-7%) on the
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Neurofeedback in ASD 30 CCC-2. This result was furthermore supported by the estimated improvement of children in the treatment group on levels of social interaction (16%), communication (17%), and typical behavior (9%) as measured by the AUTI-R. These findings are in line with previous studies that reported significant reductions in ASD symptoms (Coben & Padolsky, 2007; Jarusiewicz, 2002) and improvements in behavior on several social and cognitive factors (Scolnick, 2004; Sichel et al., 1995) following neurofeedback training inhibiting theta activation.
Although the present findings are encouraging, studies with improved methodology regarding the effectiveness of neurofeedback training for children with ASD and other types of ASD are needed. This study used the same training protocol for each participant, but evidence is now growing for the use of an individualized protocol based on the individual EEG. We intend to incorporate protocols based on individualized EEGs in future research. The most important methodological improvement would be to control for direct, unintentional effects of neurofeedback training, such as providing extra time and attention to participants in the intervention group twice a week and learning them to handle an attention-demanding task like neurofeedback (Heinrich et al., 2007) . We also expect indirect influence of neurofeedback training on children in the intervention group via their parents. Parents have brief talks or conversations with the neurofeedback trainer the minutes before and after neurofeedback sessions and during evaluations, and they get advice, encouragement, support, and compliments. These occasions raise expectations of improvement in parents, act upon parents' answers on behavior questionnaires, and change the parents' approach to their children. A solution for this problem would be randomized double blind studies with random feedback for the control group. However, the use of such a placebo condition raises ethical questions and therefore does not seem feasible.
Instead of placebo feedback, neurofeedback training could be compared with established interventions like medication and behavior therapy (Heinrich et al., 2007) (Buitelaar & Willemsen-Swinkels, 2000) . Comparison with an intervention like behavior therapy seems almost impossible, since time and intensity of both the neurofeedback training and the time-consuming and more intensive behavior therapy should be kept constant (Matson & Smith, 2007) .
In conclusion, application of a typical ADHD neurofeedback protocol to a group of ASD children diagnosed with ASD was found to be highly affective. Neurofeedback treatment resulted in clear improvements in children's executive functioning as reflected in a wide range of executive function tasks. These findings provide further evidence for a basic executive function impairment in ASD and suggest a relationship between enhanced theta / beta ratio's in these children and hypoactivation of the ACC as a possible neural origin of this impairment. Regression lines reflect the slope of delta reduction over time for each individual patient, with
